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Abstract 
In competition with other resources, ocean waves provide abundant supply of clean, safe, and reliable energy, but this source needs to 
be made an economical source for natural energy harvest. For this purpose, a wave energy conversion device is developed through various 
mechanisms by using ocean fluctuations that affect the ecosystems. The study was developed for the user to reduce the need for profitability of 
competitive balance and to support decision-makers who govern the equations for identifying locations for wave energy conversion facilities. 
Our model of wave energy harvesting is based on the analysis of the wave energy facility to quantify the net present value (NPV) of 
capital investment and evaluation. The proposed model has a local, regional, and flexible framework that can be applied even to the global 
scale for the wave energy conversion projects. The proposed model can be applied to the ongoing marine spatial planning. Specifically, the 
applications and ecological characteristics with an existing data collected by laboratory experiments and filed investigations, and the work 
of the various studies of the quantitative analysis of the compatibility of the commercial fishery data analysis spatial overlap. According to 
the empirical statistics, we found that the waves of the ocean around the west of Taiwan Island, had a great potential for high harvest, and 
offshore wave energy gradually increased. However, it comes to have an area of high economic potential whilst taking advantage of wave 
energy equipment to support the acquisition of a number of different coastal energy, the cost of the landing point of the submarine cable. 
The NPV is maximized if the conflict of use agreement is in place in the existing sea area. It is possible to build a wave energy facility in 
order to minimize the maximum composite wave energy and other economic uses. The high possibility of building the facility benefits the 
goal of this research. By mapping the wave energy, the governing equations of the study can assist decision-makers to use NPV to explore 
an alternative location for wave energy conversion facilities in order to reap the maximum returns. It is expected that the high potential areas 
would not be exploited in the race of capturing the existing marine space. 
© 2016 Shanghai Jiaotong University. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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Wave energy can generate large amounts of clean, safe,
reliable, and economical renewable energy, thus making it an
attractive source to meet the rapidly growing demand for en-∗ Correspondence to: King Abdulaziz University, Jeddah 21589, Saudi Ara- 
bia. 
E-mail address: jc343965@gmail.com . 
w  
a  
f  
a  
http://dx.doi.org/10.1016/j.joes.2016.09.002 
2468-0133/© 2016 Shanghai Jiaotong University. Published by Elsevier B.V. This
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). rgy [1] . Although in its infancy, the wave energy industry
s expected, similar to the offshore wind power industry, to
ecome established in several Nordic countries because of the
apid growth in the past decade. Among the various renew-
ble energy sources (such as solar, wind, and tidal power),
ave energy has the highest power density and provides rel-
tively continuous and reliable output, which is advantageous
or the operation of the power grids [2] . Some large devices
re designed as shown in Fig. 1 , which indicate the diver- is an open access article under the CC BY-NC-ND license 
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Fig. 1. Wave power devices. 
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r  ity of the practical applications in the ocean. The cost of
apping the wave energy has increased from the 1980s but
radually declined and is likely to further reduce with ad-
ances in the technology industry [3] . As energy costs from
ossil fuels are exorbitant, wave energy could become eco-
omically feasible in the near future. Thus, policy-makers,
he private sector, and the general public are interested in the
onversion of wave energy into electrical energy. The two im-
ortant steps in this process are (1) assessment of the ability
f a site to produce electricity and (2) identification of sur-
ounding ecosystems and the potential impacts and activities
n support of electricity production [4] . 
While the waves may provide a source of clean and re-
ewable energy, a wave energy conversion project may harm
he protection of the marine species and habitats, and cre-
te a strategic conflict with the existing marine ecosystems.
ave energy conversion facilities and their potential impacts,
ncluding fishing, planktonic and benthic habitat; recreation;
esthetic point of view changes; hydrodynamic and wave en-
ironment; and navigational hazards were studied by [5–7] .
any potential impacts are site specific, and the extent of
hese impacts on coastal and marine ecosystems is unclear,
ecause the studies on the wave energy conversion projects
re limited; hence, the concept is poorly understood. This
nowledge gap hindered the development of practical equa-
ions to support wave energy projects related to marine spatial
lanning. An assessment of wave energy capacity of a site
onsiders various factors such as wave energy resources, the
haracteristics of wave energy conversion device, the cost-
ffectiveness of energy conversion facility, locational con-
traints, and uses of the information on ecosystem properties
r compatibility with others. Marine spatial planning is at a
ascent stage in North America, and involves an interaction
etween the planners to consider the cumulative impact of
he procedure on the coastal and marine space [8] human ac-
ivities. Implementing the wave energy projects and efficient
arine spatial planning requires a comprehensive framework
hat considers these various kinds of information. 
It is estimated that the wave power resources can help to
dentify potential sites of energy-rich areas and sustainable
esources. Previous studies employed different scales to esti-ate the potential of wave power. For example, the global-
nd regional-scale studies have shown that the west coast of
urope (i.e., Ireland, Portugal, and Scotland), similar to the
orth American west coast (i.e., British Columbia, Washing-
on, Oregon, and California), is the main area of wave energy
rojects because of its potential for abundant wave energy har-
est, which can be used to meet the demands of high coastal
opulation areas [9–11] . Previous research focused on a lo-
al scale to quantify near-shore wave energy resources and to
dentify hot spots in the field of wave energy [12,13] . 
Different types of wave energy conversion device are used
o extract energy from the waves, and various technologies
re employed to calculate how much energy can be harvested
s a function of the local wave condition change. For exam-
le, using a attenuator-type device (for example, sea snake,
he Pelamis Wave Power, Edinburgh, Scotland) works more
ffectively in the Irish and Scottish region [9] , where the wave
eight typically under high sea conditions aids in the estima-
ion. In contrast, the terminator-type devices (for example, an
scillating water column device from Energetech Corporation,
tah, USA) work more efficiently on the west coast of North
merica [14] , where there is disposal of longer period waves
such as swelling). 
In reality, a wave energy conversion efficiency of the de-
ice depends not only on the location of the potential energy
o be harvested, but also on income and decisions related to
he construction and operating costs of the facility. The eco-
omic value of the harvested wave energy facilitates to iden-
ify the specific location of energy conversion facility and to
valuate the potential tradeoff between the cost positioning
actors related to the installation location, maintenance, and
peration of the facility. While the ability to develop the har-
est wave energy method is explored in [9,10,14,15] , harvest
ave energy does not provide explicit spatial information to
ssess the cost of wave site energy generation or the other
ssociated estimates. 
This study developed a wave energy conversion device
o identify a potential site, which provides decision support
quations for the policy-makers to respond to the challenges
f wave energy projects related to integrated coastal and ma-
ine spatial planning. First, the study developed a model of
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a  wave energy as ecosystem services, and the tradeoffs (in-
vestment) equation [16] is a part of an integrated assessment
[17,18] . The wave energy model by using ecosystem services
is based on the framework of Talese and other researchers
[19] and consists of three parts: (1) the model was based
on wave conditions (“supply measures”), (2) the model used
a wave energy conversion device to quantify the potential of
wave power evaluation (“service standards”) consisting certain
technical information in harvesting energy, and (3) the util-
ity of the model was evaluated as capital investment (“value
index”) to assess the economic value of wave energy conver-
sion facilities. Second, the study conducted a compatibility
analysis to determine the optimum compatibility between the
wave energy conversion device and the existing uses of the
oceans. Investment in an ecosystem service model, including
wave energy in the model, is described here. This equation
is used in many other coastal and marine spatial planning
processes, and can be used for a variety of related marine
renewable energy projects to support marine spatial planning
[20] . 
2. Evaluation of the potential of wave power 
The wave energy model is used to estimate the poten-
tial power to identify ocean wave energy-rich regions. Signal
power transmitted in a specific position by the waves can be
approximated as [21] : 
P n = ρg 16 H 
2 
s C g ( T e , h ) (1)
where P n is the wave power (kW M −1 ), ρ is the density
of water (1028 kg M −3 ), g is the acceleration due to grav-
ity (9.8 m s −2 ), HS is the significant wave height, T e is wave
energy is tellurium period (second), h is the water depth, and
wave C g is the group velocity (M S −1 ). The center of gravity
can be estimated as 
 g = 1 2 
[
1 + 2kh 
sinh (2kh) 
]√ 
g 
k 
tanh (kh) (2)
In this equation, the wave number k is calculated and ex-
pressed as the wave frequency w h function (W = 2 π /Te) us-
ing the dispersion relationship: 
w 2 = gk . tanh (k h) (3)
The relationship demonstrates the medium on the proper-
ties of scattering within it. 
As a special case, on the contrary, it is usually defined as
the peak wave period, the Tp expression rarely measured the
wave period. Accordingly, during the peak energy, it is esti-
mated as tellurium = αTp, where α determines the spectral
shape of the wave. This study used α = 0.90, which is the pre-
vious estimate for global wave energy resources [21] and was
used for wave power estimation in the west coast of Taiwan
Island [10,12] . 
3. Quantitative assessment for wave energy harvesting 
Harvestable energy from waves and wave conditions
depends on the specific position [9] and characteristics10,14,15] of the wave energy conversion device. For the
ave energy model to quantify the harvest, the study HS
ea conditions for each bin (the general condition of the sea
urface) and features as TP are given as follows: 
 E ( H s , T p ) = H R 
(
H s , T p 
) · P W E C (H s , T p ) (4)
here each sea condition bin hour HR (hours YR-1) rep-
esents its occurrence and PWEC (kW) represents the sea
onditions bin wave energy conversion devices’ wave energy
wing to the effect of energy absorption. Each wave energy
onversion device at a location harvests wave energy (kW h
R-1) in this position by the energy summation of all sea
onditions, which can determine the wave calculations. 
The study conducted various wave energy conversion de-
ices by historical literatures, and the wave energy absorption
erformance in situ has fully tested and verified for several
ave energy conversion devices. Currently, the Pelamis wave
nergy model [15] includes performance table, [22] , Ener-
etech Terminator [14] , AquaBuOY [10] , and WaveDragon
10] . 
. Economic valuation of wave energy conversion facilities 
To determine the most suitable technology for the devel-
pment of offshore wave energy, this study used a simple
ramework for capital investment combined with annual in-
ome (RT), capital and construction costs (C0), and annual
peration and maintenance costs (CT) estimates. This study
ssumes wave energy facilities with a T-year life. With the
iscounted value of future benefits and costs, this study uses
he discount rate (I) of the wave energy conversion device to
alculate the net present value (NPV): 
PV = −C 0 + 
T ∑ 
t=1 
( R t − C t ) ( 1 + i ) −t (5)
Revenue (RT) was calculated as per kWh, the annual har-
est wave energy electricity prices. Both the discount rate and
he wholesale price of electricity are user-defined inputs. The
iscount rate reflects which individuals or companies can ob-
ain the same as those of alternative investment funds and
an be adjusted according to the user for their location and
he opportunity cost of the project. This study assumes that
he initial cost for acquiring and installing wave energy de-
ice may occur immediately (T = 0). The initial costs include
1) cost per installed kilowatt, which is related to the cost of
apital equipment; (2) the cost of mooring lines; (3) the cost
f underwater transmission line; and (4) the cost of overland
ransmission line. After these initial costs, the function cost
or operating the facility depends on the size of the wave en-
rgy facilities and annual maintenance costs. This study has
ot considered the cost a device may incur to connect to other
ffshore/onshore power grid infrastructure to allow wave en-
rgy project implementation or at the end of a project the
esidual life of the material cost of financing the project. Our
stimates intend to provide a lower bound on the cost of the
ctual installation. A cost estimate of different wave energy
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ionversion devices from [10] is derived from the conversion
f 2006 CAD to 2009 dollars. This study uses the actual value
f the revenues and costs, excluding any future inflation and
 real discount rate, which also does not include inflation ad-
ustments. This method is equivalent to the estimated revenue,
he cost of future inflation on mathematics, while the discount
ate [23] , but this study avoids the need for the development
f this estimation. Since the cost of transmission line facil-
ties depends on the distance to the nearest grid connection
oint, the NPV calculation of wave energy along with lower
onny weight between inshore targeting facilities is included
n the low installation costs, thereby reducing energy harvest-
ng cost. 
This method provides a simple mechanism for offshore
ind farms in the rapid assessment of the financial viability
r NPV terms. According to this simple capital investment
ramework, if the total income exceeds the sum of the dis-
ounted costs of the discount on the site, it is determined
o be economically viable for the wave energy development
roject. Therefore, this study uses the framework to assess the
uitability of a site by determining whether the wave energy
evelopment criterion NPV is positive. 
. Identification of potential and existing marine use 
ompatibility 
To identify the very suitable potential site for wave energy
onversion project, as low potential would undermine the ex-
sting applications in the field, this study used the analysis of
imple space compatibility. On the sector the regional space
ymbiotic adverse effects must be consistent across multiple
xisting applications where a possible compatibility analysis
hows that the use in front of the occurrence by means of the
overning equtions, therefore, to generate a discussion possi-
ly to the most high spike. However, if it does not include the
ncrease in wave energy conversion capacity, a process-based
pproach is to use the existing individual judgment, which
ight be beneficial or harmful. 
First, in the study, the gathered data generated in coastal
nd offshore areas aid in the consideration of the development
f the available space for wave energy harvest. By using the
ata obtained from these maps, followed by an analysis, it
ust be determined if the end result has a positive NPV of
he wave energy field of space that occurs simultaneously.
xisting values for use in the case where it can be expressed
n terms of money, a direct comparison can result in evaluat-
ng a more overall economic value of the wave energy of the
ntire NPV of existing applications. In this study, where it is
ifficult to predict future revenues and expenses of the flow
or an existing application, the NPV converts the energy of
he wave [24] : 
nnual Net Value = NPV i · ( 1 + t ) 
T 
( 1 + i ) T − 1 . (6) 
The annual net amount is the same after discounting and
umming up the wave energy facilities; thus, the sum is equalo the NPV of life T-years. We then compare our annual wave
nergy values to the existing average annual values [25] . 
. Discussion 
The net current and potential use of wave energy projects
f previous studies call for a comparison of the mapping space
or the compatibility between the proposed model and the ex-
sting use of the oceans. In the present study, a seaview of
 km 2 grid for each grid cell was mapped for the difference
etween the net assets between the use of the maximum dif-
erence with respect to energy and the entire grid cell of an
xisting wave. The study also highlighted how to use the re-
ults from the high potential wave energy projects and math-
matical models for practice to investigate a change from the
xisting weighted values. For example, the contribution of the
shery to the community, entertainment value of leisure fish-
ng and local seafood harvest may not be able to capture the
enefits of existing applications. As a way of explanation, the
se of research on annual net money inch for wave energy
onversion facility by location is a support area as possible as
inimal use of the existing potential conflicts. The areas that
re highly compatible for setting up the wave energy con-
ersion facilities are those areas in which there are changes
n the high net-energy potential; though these areas are quite
 few, they are not suitable for human habitation. These are
otential areas for the installation of an alternate wave energy
onversion facility, which may exhibit compatibility with the
xisting wave energy conversion facilities. It is possible to
et up facilities in these areas despite the existing regional
onflicts; rather than using the energy waves, high and low
alues of the neighborhood can be used. NPV ≤0 cells and
ave energy show a net loss; it is no longer a viable hypoth-
sis for these places. Hence the location of this wave energy
acility was excluded from the analysis. 
. Conclusions 
As our approach is to adapt a mix of the existing and po-
ential future facilities at a specific location, it is useful for
he policy-makers, stakeholders and environmental groups to
nderstand the potential of wave energy project to promote
he use of renewable energy. This model can be very useful
ot only at the local and regional levels, but because of its
exible framework, it can also be adapted to a global scale
o assist decision-makers to explore the wave energy harvest-
ng, the conditions, coastal marine systems, and wave energy
arvest’s impact on the ecosystem of the alternative site fa-
ility and tradeoffs. With the rapid growth in the coastal and
arine spatial planning since the beginning of the renewable
nergy industry and the age, activity and there is a need to
valuate that you can quickly and effectively to co-exist, and
ctively in order to study is reduced to reduce a minimum the
otential of which must disputes strive manner. The method
escribed here, in particular, is theoretically suitable to meet
he demand in assessing the feasibility of energy from waves
n the oceans. 
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